
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 2 2   9 6 8  

Office  europeen  des  brevets  A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80103840.7  ©  Int.  CI.3:  H  01  B  7 /08  

^   H  01  G  4 /38  
(22)  Date  of  filing:  05.07.80 

©  Priority:  19.07.79  US  59068  ©  Applicant:  ROGERS  CORPORATION 
Main  Street 
Rogers,  Conn.  06263IUS) 

©  Date  of  publication  of  application  : 
28.01.81  Bulletin  81/4  @  Inventor:  Taylor,  MichaelJ. 

856  West  Kiva  Avenue 
©  Designated  Contracting  States:  Mesa,  Arizona  85202IUS) 

BE  DE  FR  GB  IT  NL  SE 
©  Representative:  Meyers,  Ernest 

c/  0  FREYLINGER  &  ASSOCIES  Postf  ach  1  153,  46  rue  du 
Cimetiere 
Luxemburg(LU) 

54)  High  capacitance  multilayer  bus  bar  and  method  of  manufacture  thereof. 

A  high  capacitance  bus  bar  is  presented  having  at  least 
two  separated  conductive  plates  (12,  14)  between  which  a 
plurality  of  capacitive  ceramic  dielectric  chips  (20)  are 
positioned  and  adhered.  The  outer  surfaces  of  the  dielectric 
chips  are  metalized  (22)  and  have  a  roughened  or coarse finish 
to  provide  contact  between  the  dielectric  chips  (20)  and  the 
conductive  plates  (12, 14),  thereby  permitting  use  of  noncon- 
ductive  adhesive  (18)  to  bond  the  parts  of  the  assembly 
together. 



T h i s   i n v e n t i o n   r e l a t e s   to  bus  b a r s ,   e s p e c i a l l y   r e -  

l a t i v e l y   s m a l l   or  m i n i a t u r e   bus  b a r s .   More  p a r t i c u l a r l y ,  

t h i s   i n v e n t i o n   r e l a t e s   to   m u l t i l a y e r   bus   b a r   a s s e m b l i e s ,  

and  t h e   m e t h o d   of  m a n u f a c t u r e   t h e r e o f ,   w h e r e i n   t h e   bus   b a r  

a s s e m b l y   i n c o r p o r a t e s   c a p a c i t i v e   e l e m e n t s   b e t w e e n   l a y e r s   o f  

bus   c o n d u c t o r s   to   p r o v i d e   h i g h   c a p a c i t a n c e   bus   b a r s .  

C o n v e n t i o n a l   bus   b a r s   of  r e l a t i v e l y   s m a l l   or  m i n i a -  

t u r e   s i z e   h a v e   b e e n   known  in  t h e   a r t   f o r   a  n u m b e r   of  y e a r s .  
T h e s e   d e v i c e s   a r e   u s e d   f o r   p o w e r   a n d / o r   s i g n a l   d i s t r i b u t i o n  

in  many  s y s t e m s ,   s u c h   a s ,   f o r   e x a m p l e ,   c o m p u t e r   b a c k   p a n e l s  

and  i n t e g r a t e d   c i r c u i t   s y s t e m s .   Such  p r i o r   a r t   m u l t i l a y e r  

bus   b a r s   c o m p r i s e   a t   l e a s t   two  c o n d u c t i v e   p l a t e s   ( u s u a l l y  

in  t h e   fo rm  of  e l o n g a t e d   s t r i p s   or  b a r s   of  c o p p e r )   s e p a r a t e d  

by  an  i n s u l a t i n g   f i l m .   A  t y p i c a l   p r i o r   a r t   bus   b a r   of  t h i s  

t y p e   may  u se   c o p p e r   c o n d u c t o r s   h a v i n g   a  t h i c k n e s s   of  a b o u t  

0 . 2 5   mm,  and  t h e   o v e r a l l   d i m e n s i o n s   of  t h e   bus   b a r   may  b e  

f rom  a b o u t   0 . 4 8   mm  to   3 . 0 5   mm  t h i c k ,   f rom  a b o u t   3 .8   mm  t o  

5 . -   mm  w i d e   and  r a n g e   in  l e n g t h   up  to  400  mm.  T y p i c a l l y ,   t h e  

s e p a r a t i n g   i n s u l a t i n g   l a y e r   i s   a  p l a s t i c   d i e l e c t r i c   f i l m   s u c h  

as  t h e   p o l y e s t e r   m a t e r i a l   known  as  MYLAR.  The  MYLAR  s e p a -  

r a t o r   l a y e r   and  t h e   c o n d u c t i v e   p l a t e s   a r e   b o n d e d   t o g e t h e r   b y  

an  a d h e s i v e .   P r i o r   a r t   bus   b a r s   of  t h i s   t y p e   h a v e   r e l a t i v e l y  

low  c a p a c i t a n c e .  

I t   has   a l s o   b e e n   s u g g e s t e d   in  t h e   p r i o r   a r t   t o  

c o n s t r u c t   m i n i a t u r e   m u l t i l a y e r   bus   b a r s   of  t h i s   t y p e   h a v i n g  

h i g h   c a p a c i t a n c e .   I t   ha s   bee@  p r c p o s e d   to   a c h i e v e   t h e   o b -  

j e c t i v e   of  h i g h   c a p a c i t a n c e   by  i n c o r p o r a t i n g   c a p a c i t i v e  

e l e m e n t s   in  t h e   bus   b a r   a s s e m b l y   b e t w e e n   t h e   c o n d u c t i v e  

l a y e r s   of  a  m u l t i l a y e r   bus   b a r .   R e f e r e n c e   i s   h e r e b y   made  t o  

B r i t i s h   P a t e n t   a p p l i c a t i o n   No  79  35226  w h i c h   r e l a t e s   t o  

m u l t i l a y e r   bus   b a r   s y s t e m s   h a v i n g   h i g h   c a p a c i t a n c e   e l e m e n t s  

b e t w e e n   c o n d u c t i n g   l a y e r s   of  t h e   bus  b a r   a s s e m b l y .   T h e s e  

h i g h   c a p a c i t i v e   e l e m e n t s   a r e   t h i n   l a y e r s   or  c h i p s   of  d i e l e c -  

t r i c   m a t e r i a l   w i t h   o p p o s i t e   s u r f a c e s   c o a t e d   w i t h   a  t h i n ,   i n -  

t e g r a l   and  c o n t i n u o u s   f i l m   of  c o n d u c t i v e   m a t e r i a l .   Some  o r  
a l l   of  t h e s e   p r i o r   a r t   s y s t e m s   have   i n c l u d e d   t h e   f e a t u r e   o f  

t h e   u s e   of  c o n d u c t i v e   a d h e s i v e   to   bond  t o g e t h e r   t h e   m u l t i -  

l a y e r   bus   b a r   a s s e m b l y   and  p r o v i d e   t h e   n e c e s s a r y   e l e c t r i c a l  



c o n t a c t   b e t w e e n   t h e   c o n d u c t i v e   l a y e r s   of  t h e   bus  b a r   a s s e m -  

b l y   and  t h e   c o n d u c t i v e   o u t e r   s u r f a c e s   of  t h e   c a p a c i t i v e   e l e -  

m e n t s   b e t w e e n   t h e   bus   b a r   l a y e r s .  

W h i l e   t h e s e   p r i o r   a r t   s y s t e m s   a r e   w o r k a b l e ,   t h e  

use   of  t h e   c o n d u c t i v e   a d h e s i v e   i m p o s e s   s e r i o u s   p r o c e s s i n g  

l i m i t a t i o n s ,   b e c a u s e   c o n s i d e r a b l e   c a r e   m u s t   be  e x e r c i s e d   i n  

t h e   m a n u f a c t u r i n g   p r o c e s s   to   make  s u r e   t h a t   a  s h o r t   c i r c u i t  

p a t h   i s   n o t   e s t a b l i s h e d   b e t w e e n   t h e   c o n d u c t i v e   l a y e r s   of   t h e  

bus   b a r   by  t h e   c o n d u c t i v e   a d h e s i v e .   Any  s u c h   s h o r t   c i r c u i t ,  

w h e t h e r   i t   o c c u r s   d u r i n g   t h e   m a n u f a c t u r i n g   p r o c e s s   or   w h e t h e r  

i t   o c c u r s   d u r i n g   h a n d l i n g   or  use   of   t h e   d e v i c e   a f t e r   m a n u -  

f a c t u r e ,   w i l l   d e s t r o y   t h e   e f f e c t i v e n e s s   and  u t i l i t y   of   t h e  

bus   b a r .   T h u s ,   in  t h e   m a n u f a c t u r i n g   p r o c e s s ,   g r e a t   c a r e  

m u s t   be  e x e r c i s e d   to   make  s u r e   t h a t   t h e   c o n d u c t i v e   a d h e s i v e  

( w h i c h   i s   t y p i c a l l y   a  t h e r m o p l a s t i c   m a t e r i a l   does   n o t   l e a k  

o u t   of  t h e   a s s e m b l y   to   c a u s e   e l e c t r i c a l   l e a k s   or   s h o r t   c i r -  

c u i t   p a t h s   w i t h   h i g h   d i s s i p a t i o n   f a c t o r s .   T h u s ,   o n l y   r e l a -  

t i v e l y   low  p r e s s u r e s   (on  t h e   o r d e r   of  0 7  -   1  k g / c m 2 )   can   b e  

e m p l o y e d   in  a s s e m b l i n g   t h e s e   p r i o r   a r t   d e v i c e s ,   e n c a p s u l a t i o n  

t e c h n i q u e s   a r e   l i m i t e d ,   and  l i m i t s   a r e   i m p o s e d   on  t h e   t h i c k -  

n e s s   of  t h e   d e v i c e   in   t h a t   t h e   l a y e r s   c a n n o t   be  s q u e e z e d   t o -  

g e t h e r   to   p r o d u c e   as  t h i n   a  d e v i c e   as  m i g h t   be  d e s i r e d .  

The  p r e s e n c e   of   t h e   c o n d u c t i v e   a d h e s i v e   in  t h e   f i n i s h e d   d e -  

v i c e   a l s o   p o s e s   a  c o n t i n u a l   p r o b l e m   of  p o s s i b l e   e s t a b l i s h m e n t  

of   a  s h o r t   c i r c u i t   p a t h   d u r i n g   t h e   l i f e t i m e   of  t h e   d e v i c e .  

The  p u r p o s e   of   t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

a  h i g h   c a p a c i t a n c e   m u l t i l a y e r   bus   b a r ,   and  a  m e t h o d   of   m a n u -  
f a c t u r e   t h e r e o f ,   w h i c h   e l i m i n a t e   t h e   n e e d   f o r   t h e   u se   o f  

c o n d u c t i v e   a d h e s i v e ,   t h e r e b y   c o m p l e t e l y   e l i m i n a t i n g   t h e   p o -  
t e n t i a l   p r o b l e m s   p o s e d   by  t h e   c o n d u c t i v e   a d h e s i v e   in  p r i o r  

a r t   d e v i c e s .  

As  in  t h e   p r i o r   a r t ,   t h e   bus   b a r   of  t h e   p r e s e n t  
i n v e n t i o n   c o m p r i s e s   a t   l e a s t   two  s p a c e d   a p a r t   e l e c t r i c a l l y  

c o n d u c t i v e   p l a t e s   or   l a y e r s   w h i c h   f o rm  t h e   b u s i n g   e l e m e n t s .  

One  or   more   c a p a c i t i v e   e l e m e n t s   a r e   l o c a t e d   b e t w e e n   t h e   c o n -  
d u c t i v e   p l a t e s   o f   t h e   bus   b a r .   The  c a p a c i t i v e   e l e m e n t s   a r e  
t h i n   c e r a m i c   c h i p s   of   h i g h   d i e l e c t r i c   m a t e r i a l ,   t h e   o p p o s i t e  

s u r f a c e s   of  w h i c h   h a v e   b e e n   c o a t e d   w i t h   a  t h i n ,   i n t e g r a l   a n d  

c o n t i n u o u s   f i l m   of   c o n d u c t i v e   m a t e r i a l .   The  o p p o s i t e   s u r f a -  



c e s   of  t h e   c e r a m i c   c h i p s   a r e   f o r m e d   so  as  to  be  r o u g h   o r  

c o a r s e , . s o   t h a t   t h e   c o n d u c t i v e   l a y e r   a l s o   has   a  r o u g h   o r  

c o a r s e   f i n i s h .   A  n o n c o n d u c t i v e   a d h e s i v e   i s   u s e d   to  bond   t h e  

c o n d u c t i v e   p l a t e s   and  t h e   c a p a c i t i v e   c h i p s .   D i r e c t   c o n t a c t  

i s   e s t a b l i s h e d   b e t w e e n   t h e   c o n d u c t i v e   p l a t e s   and  t h e   h i g h  

s p o t s   on  t h e   r o u g h   s u r f a c e s   of  t h e   c a p a c i t i v e   e l e m e n t s ,  

w h i l e   a d h e s i v e   i s   r e t a i n e d   in  t h e   v a l l e y s   of  t h e   r o u g h   s u r -  

f a c e s   of  t h e   c a p a c i t o r   to   bond   t h e   o p p o s e d   s u r f a c e s   of  t h e  

c a p a c i t i v e   e l e m e n t   to   t h e   s p a c e d   a p a r t   p l a t e s .   T h u s ,   t h e  

n e c e s s a r y   d i r e c t   e l e c t r i c a l   c o n t a c t   and  p h y s i c a l   b o n d i n g   a r e  

a c h i e v e d   w i t h o u t   any  of   t h e   a c t u a l   or  p o t e n t i a l   d r a w b a c k s  

of   c o n d u c t i v e   a d h e s i v e .  

A c c o r d i n g l y ,   one  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

i s   to   p r o v i d e   a  n o v e l   and  i m p r o v e d   m u l t i l a y e r   bus   b a r   a n d  

m e t h o d   of  m a n u f a c t u r e   t h e r e o f .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o -  
v i d e   a  n o v e l   and  i m p r o v e d   m u l t i l a y e r   bus   b a r   and  m e t h o d   o f  

m a n u f a c t u r e   t h e r e o f   w h e r e i n   t h e   m u l t i l a y e r   bus   b a r   a s s e m b l y  

i n c o r p o r a t e s   c a p a c i t i v e   e l e m e n t s .  

S t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  n o v e l   and  i m p r o v e d   m u l t i l a y e r   bus   b a r   and  m e t h o d  

of  m a n u f a c t u r e   t h e r e o f   w h e r e i n   t h e   a s s e m b l y   i s   i n t i m a t e l y  

b o n d e d   t o g e t h e r   w i t h   n o n c o n d u c t i v e   a d h e s i v e   w h i l e   p r o v i d i n g  

d i r e c t   p h y s i c a l   and  e l e c t r i c a l   c o n t a c t   b e t w e e n   c o n d u c t i v e  

l a y e r s   of   t h e   bus   b a r   and  c o n d u c t i v e   c o a t i n g s   on  i n t e r n a l  

c a p a c i t i v e   e l e m e n t s .  

R e f e r r i n g   to   t h e   d r a w i n g s ,   w h e r e i n   l i k e   e l e m e n t s  

a r e   n u m b e r e d   a l i k e   in  t h e   s e v e r a l   F i g u r e s  :  

F i g u r e   1  shows  an  e x p l o d e d   p r o s p e c t i v e   v i ew   of  a  

bus   b a r   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  shows   an  e l e v a t i o n   c r o s s   s e c t i o n   v i ew  o f  

an  a s s e m b l e d   bus   b a r   t a k e n   a l o n g   l i n e   2-2  of  F i g u r e   1 ;  

F i g u r e   3  shows   an  e n l a r g e d   v i ew  of  a  c e n t r a l   p o r -  
t i o n   of  t h e   bus   b a r   a s s e m b l y   of  F i g u r e   2 ;  

F i g u r e   4  i s   a  f l o w   d i a g r a m   of  t he   m a n u f a c t u r i n g  

p r o c e s s .  

R e f e r r i n g   s i m u l t a n e o u s l y   to   F i g u r e s   1,  2  and  3,  b u s  

b a r   10  h a s   a  f i r s t   c o n d u c t i v e   p l a t e   12  and  a  s e c o n d   c o n d u c t i -  

ve  p l a t e   14.  Each  of  t h e   p l a t e s   12  and  14  h a s   a  p l u r a l i t y  

of  d i s t r i b u t i o n   p r o n g s   or   t a n g s   16  e x t e n d i n g   t h e r e f r o m ,   t h e s e  



t a n g s   s e r v i n g   f o r   e l e c t r i c a l   d i s t r i b u t i o n   a n d / o r   p h y s i c a l  

m o u n t i n g   of  t h e   bus   b a r   on  a  p r i n t e d   c i r c u i t   b o a r d   or   o t h e r  

s t r u c t u r e .   C o n d u c t i v e   p l a t e s   12  and  14  a r e   p r e f e r a b l y   t i n  

p l a t e d   c o p p e r   e l e m e n t s   a p p r o x i m a t e l y   0 . 2 5   mm  t h i c k   and  r a n g -  

i n g   in  w i d t h   f r o m   3 .8   mm  to   5 . -   mm  and  r a n g i n g   in  l e n g t h  

f r o m   a b o u t   50  to   400  mm. 

In  t h e   m a n u f a c t u r i n g   p r o c e s s   t h e   i n w a r d l y   f a c i n g  

s u r f a c e s   of   p l a t e s   12  and  14  a r e   c o a t e d   w i t h   a  c o a t i n g   18  o f  

n o n c o n d u c t i v e   a d h e s i v e   w h i c h   f l o w s   f r e e l y   when  m e l t e d .   T h e  

a d h e s i v e   i s   p r e f e r a b l y   a  t h e r m o p l a s t i c   p o l y e s t e r   a d h e s i v e ,  

s u c h   as  M o r t o n   7 6 P l   (made  by  M o r t o n   C h e m i c a l   Company  D i v i s i o n  

of  M o r t o n   I n t e r n a t i o n a l   I n c o r p o r a t e d ) ,   w h i c h   has   low  m e l t  

v i s c o c i t y   (on  t h e   o r d e r   of   a b o u t   100  cps )   and  f l o w s   f r e e l y  

a t   a b o u t   1 5 7 ° C .   A l t e r n a t i v e l y ,   t h e   a d h e s i v e   may  be  a  t h e r m o -  

s e t t i n g   m a t e r i a l   i f   t h e   c u r e   t h e r e o f   t a k e s   p l a c e   d u r i n g   o r  

a f t e r   m e l t i n g   in   m a n u f a c t u r i n g   p r o c e s s .  

C a p a c i t i v e   e l e m e n t s   a r e   p o s i t i o n e d   b e t w e e n   t h e  

i n w a r d l y   o p p o s i n g   f a c e s   of   p l a t e s   12  and  14.  T h e s e   c a p a c i -  

t i v e   e l e m e n t s   a r e   in   t h e   f o rm  of  a  p l u r a l i t y   of  c e r a m i c   d i -  

e l e c t r i c   c h i p s   20  e a c h   h a v i n g   a  r e l a t i v e l y   h i g h   d i e l e c t r i c  

c o n s t a n t .   G e n e r a l l y   s p e a k i n g ,   t h e   c e r a m i c   d i e l e c t r i c   c h i p s  

h a v e   a  t h i c k n e s s   in  t h e   r a n g e   f rom  a b o u t   0 . 1 2 7   mm  to   a b o u t  

0 . 3 8   mm  and  h a v e   a  s u r f a c e   d i m e n s i o n   in  t h e   r a n g e   of  f r o m  

a b o u t   5  mm  by  5  mm  by  to   a b o u t   5  mm  by  76  mm.  T h o s e  

s u r f a c e   d i m e n s i o n s   r e p r e s e n t   t h e   d i m e n s i o n s   of  o p p o s e d   g e n e -  

r a l l y   p a r a l l e l   p l a t e   s u r f a c e s   of  t h e   c h i p s .   The  c e r a m i c   m a -  

t e r i a l   f r om  w h i c h   t h e   c h i p s   a r e   f o r m e d   has   a  r e l a t i v e l y   h i g h  

d i e l e c t r i c   c o n s t a n t ,   p r e f e r a b l y   in  e x c e s s   of  8 . 0 0 0 .   C e r a m i c  

m a t e r i a l s   t h a t   a r e   c o m m o n l y   u s e d   f o r   c a p a c i t o r s   may  be  u s e d  

f o r   t h e   c h i p s   e m p l o y e d   in  t h e   p r e s e n t   i n v e n t i o n .   An  e x e m -  

p l a r y   and  p r e f e r r e d   c e r a m i c   m a t e r i a l   i s   b a r i u m   t i t a n i t e   a n d  

m o d i f i c a t i o n s   t h e r e o f .   Each   of   t h e   c h i p s   20  i s   c o a t e d   on  t h e  

o p p o s e d   p l a t e   f a c e s   w i t h   a  t h i n ,   i n t i m a t e   and  c o n t i n u o u s  

c o n d u c t i v e   c o a t i n g   22  of  m e t a l ,   s u c h   as  s i l v e r ,   or   c o n d u c t i v e  

p o l y m e r .   I t   w i l l   be  u n d e r s t o o d   t h a t   a l t h o u g h   o n l y   one  o f  

e a c h   of   t h e   c o a t e d   s u r f a c e s   22  i s   v i s i b l e   in   F i g u r e   1,  t h e  

o p p o s i t e   p a r a l l e l   s u r f a c e   of   e a c h   c h i p   20  w i l l   a l s o   be  c o n -  

d u c t i v e l y   c o a t e d .   In  e f f e c t ,   e a c h   c h i p   20  f o r m s   a  s m a l l   c a -  

p a c i t o r .  



An  i n s u l a t i n g   s e p a r a t o r   l a y e r   or  s p a c e r   24  i s   a l s o  

p o s i t i o n e d   b e t w e e n   t h e   c o n d u c t i v e   p l a t e s   12  and  14.  T h e  

p r e s e n c e   of  s p a c e r   24  i s   n o t   a b s o l u t e l y   r e q u i r e d ,   b u t   i t  

i s   p r e f e r a b l e   to   i n s u r e   s e p a r a t i o n   b e t w e e n   c o n d u c t i v e   p l a t e s  

12  and  14.  Windows   26  a r e   f o r m e d   in  s p a c e r   24,  and  t h e  

c h i p s   20  a r e   p o s i t i o n e d   in  w i n d o w s   26.  I t   w i l l   be  u n d e r -  

s t o o d   t h a t ,   d e p e n d i n g   on  t h e   s i z e   of  t h e   c h i p s   20,   s e v e r a l  

of  t h e   c h i p s   may  be  l o c a t e d   in  e a c h   window  26.  In  a d d i t i o n  

to  p r o v i d i n g   i n s u l a t i o n   b e t w e e n   t h e   s p a c e d   c o n d u c t i v e   p l a t e s  

12  and  14,   s p a c e r   24  a l s o   p r o m o t e s   p a r a l l e l   c o n t a c t   b e t w e e n  

t h e   s u r f a c e   of  t h e   p l a t e s   12  and  14  and  t h e   o p p o s e d   c o n d u c t -  

i v e   s u r f a c e s   22  of  t h e   c a p a c i t i v e   c h i p s ,   t h e r e b y   e n h a n c i n g  

t h e   c a p a c i t i v e   c a p a b i l i t i e s   of  t h e   a s s e m b l y .  
The  s t e p s   i n v o l v e d   in  a s s e m b l y   of  t he   d e v i c e   a r e  

shown  in  F i g u r e   4.  P l a t e s   12  and  14  a r e   f o r m e d ,   s u c h   as  b y  

d i e   s t a m p i n g ,   in   s t e p   A,  and  s p a c e r   24  i s   f o r m e d   in  a  s e p a -  
r a t e   s t e p   B.  a l s o   s u c h   as  by  d i e   s t a m p i n g .   The  a d h e s i v e   18  

i s   t h e n   a p p l i e d   to   t h e   i n w a r d l y   f a c i n g   s u r f a c e s   of  p l a t e s   12 

and  14  in  s t e p   C.  The  a d h e s i v e   i s   p r e f e r a b l y   in  t h e   f o r m  

of  a  l i q u i d   w h i c h   can   be  a p p l i e d   in  any  c o n v e n i e n t   f a s h i o n  

s u c h   as  p a i n t i n g ,   s p r a y i n g ,   r o l l   c o a t i n g ,   e t c .   In  s t e p   D, 

s p a c e r   24  i s   p l a c e d   on  t he   i n w a r d l y   f a c i n g   s u r f a c e   of  one  o f  

t h e   p l a t e s   12  or   14.  The  c a p a c i t i v e   c h i p s   20  ( w h i c h   a r e  

f o r m e d   i n . S t e p   E)  a r e   t h e n   p l a c e d   in  t h e   winddW25  of  s p a c e r  
24  in   s t e p   F  so  t h a t   one  of  t h e   f l a t   p l a t e   s u r f a c e s   of  e a c h  

c h i p   i s   in  c o n t a c t   w i t h   t h e   i n w a r d l y   f a c i n g   s u r f a c e   of  t h e  

p l a t e   12  or   14  on  w h i c h   t h e   s e p a r a t o r   has   b e e n   p l a c e d .   T h e  

s e c o n d   p l a t e   i s   t h e n   p o s i t i o n e d   o v e r   t h e   s p a c e r   and  c h i p s   i n  

s t e p   G  so  as  to   f o r m   a  s a n d w i c h   w i t h   t h e   s p a c e r   24  and  c h i p s  

20  s a n d w i c h e d   b e t w e e n   t h e   p l a t e s   12  and  14.  T h i s   s a n d w i c h  

a s s e m b l y   i s   p o s i t i o n e d   on  a  f i r s t   o u t e r   l a y e r   of  MYLAR  i n -  

s u l a t i o n   30  and  i s   c o v e r e d   w i t h   a  s e c o n d   o u t e r   l a y e r   o f  

MYLAR  i n s u l a t i o n   32.  I n s u l a t i o n   l a y e r s   30  and  32  a r e   s l i g h t -  

ly  l a r g e r   t h a n   t h e   b o d i e s   of  p l a t e s   12  and  14  so  t h a t   t h e y  

can  be  w r a p p e d   a r o u n d   t h e   e d g e s   of  and  e n c a p s u l a t e   t h e   s a n d -  

w i c h   a s s e m b l y   of   p l a t e s   12  and  14  and  c h i p s   20.  The  i n w a r d -  

ly  f a c i n g   s u r f a c e s   of  i n s u l a t i o n   l a y e r s   30  and  32  a r e   a l s o  

c o a t e d   w i t h   n o n c o n d u c t i v e   a d h e s i v e   so  as  to  b o n d ,   r e s p e c t i v e -  

ly   t h e   o u t e r   s u r f a c e s   of  p l a t e s   12  and  14.  T h i s   e n t i r e   a s s e m -  



b l y   i s   t h e n   b o n d e d   u n d e r   h e a t   and  p r e s s u r e   in  s t e p   H  to   f o r m  

an  i n t e g r a l   e n c a p s u l a t e d   a s s e m b l y .   B o n d i n g   o c c u r s   a t   a  

t e m p e r a t u r e   of  f rom  a b o u t   150°C  to  a b o u t   178°C  and  a t   a  

p r e s s u r e   of  f rom  a b o u t   3 ,5   k g / c m 2   to  a b o u t   14  k g / c m 2 ,   t h e  

h e a t   and  p r e s s u r e   b e i n g   a p p l i e d   f o r   a  p e r i o d   of  f rom  a b o u t  

5  m i n u t e s   to   a b o u t   60  m i n u t e s .   The  p r e s s u r e   i s   d i s t r i b u t e d  

e v e n l y   a c r o s s   t h e   e n t i r e   a s s e m b l y   so  t h a t   when  t h e   a d h e s i v e  

m e l t s   e x c e s s   a d h e s i v e   i s   s q u e e z e d   o u t   of  t h e   a s s e m b l y ,   w h e r e -  

by  p h y s i c a l   and  e l e c t r i c a l   c o n t a c t   i s   e s t a b l i s h e d   b e t w e e n  

t h e   o u t e r   p l a t e s   12  and  14  and  t h e   c o n d u c t i v e   s u r f a c e s   o f  

t h e   c h i p s ,   as  w i l l   be  e x p l a i n e d   in   more  d e t a i l   h e r e i n a f t e r .  

B o n d i n g   u n d e r   h e a t e d   p r e s s u r e   i s   a c c o m p l i s h e d   in  a  p r e s s ,  
and  t h e   p e r m i s s i b l e   p r e s s u r e   i s   l i m i t e d   o n l y   by  t h e   c o m -  

p r e s s i v e   s t r e n g t h   of   t h e   c a p a c i t i v e   c h i p s .  

The  e n c a p s u l a t i o n   of   t h e   c o n d u c t i v e   p l a t e s   12  a n d  

14  by  o u t e r   s h e e t s   30  and  32  i s   p r e f e r a b l e   b u t   n o t   n e c e s s a r y .  

F u r t h e r m o r e ,   i f   t h e   p l a t e s   a r e   to   be  e n c a p s u l a t e d ,   any  o t h e r  

m e t h o d   of  e n c a p s u l a t i o n   known  in  t h e   a r t   can  be  u s e d .  

As  can  be  s e e n   in   F i g u r e   2,  s i n c e   t h e   a d h e s i v e   i s  

n o n c o n d u c t i v e ,   t h e   a d h e s i v e   can   be  p e r m i t t e d   to   f l o w   in  t h e  

a s s e m b l y   and  a c t u a l l y   f l o w   b e t w e e n   t h e   c o n d u c t i v e   p l a t e s   12  

and   14.  T h i s   n o t   o n l y   e n h a n c e s   b o n d i n g ,   b u t   i t   a l s o   p e r m i t s  

t h e   p a r t s   to   be  s q u e e z e d   t o g e t h e r   to   s q u e e z e   o u t   e x c e s s   a d -  

h e s i v e   w h e r e b y   a  t h i n n e r   s a n d w i c h   s t r u c t u r e   can  be  a c h i e v e d .  

R e f e r r i n g   now  t o   F i g u r e   3,  a  c r i t i c a l   f e a t u r e   of  t h e  

p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d .   In  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n ,   t h e   o p p o s e d   p l a t e   s u r f a c e s   of  t h e   c h i p s  

a r e   f o r m e d   so  t h a t   t h e y   a r e   d e l i b e r a t e l y   r o u g h e n e d   or   c o a r s e  
and  n o n p o r o u s   so  t h a t   t h e   p l a t e   s u r f a c e s   of  t h e   c h i p s   a r e  

c o a r s e r   t h a n   t h e   i n w a r d l y   f a c i n g   s u r f a c e s   of   t h e   c o n d u c t i v e  

p l a t e s   12  and  14  to   w h i c h   t h e   c h i p s   a r e   b o n d e d .   The  r o u g h -  

n e s s   or   c o a r s e n e s s   of   t h e   p l a t e   s u r f a c e s   of   t h e   c h i p s   i s   o n  

t h e   o r d e r   of  7 . 6 2  µ   o r   m o r e .   T h a t   i s ,   t h e   p l a t e   s u r f a c e s  

of   t h e   c h i p s , a l t h o u g h   f l a t   and   p a r a l l e l   on  a  m a c r o s c o p i c  

b a s i s ,   h a v e ,   on  a  m i c r o s c o p i c   b a s i s ,   h i l l s   26  and  v a l l e y s   2 8  

w h e r e   t h e   d i s t a n c e   b e t w e e n   t h e   t o p   of  t h e   h i l l   and  t h e  

b o t t o m   of  t h e   v a l l e y   i s   on  t h e   o r d e r   of   7 . 6 2  µ   or   m o r e .  

When  t h e   a s s e m b l y   i s   s q u e e z e d   t o g e t h e r   u n d e r   p r e s s u r e   d u r i n g  

t h e   m a n u f a c t u r i n g   o p e r a t i o n ,   t h e   a d h e s i v e   i s   s q u e e z e d   o u t  



b e t w e e n   t h e   h i l l s   26  and  t h e   i n w a r d l y   f a c i n g   s u r f a c e s   o f  

p l a t e s   12  and  14,  so  t h a t   t h e   t o p s   of  t he   h i l l s   26  a c t u a l l y  

come  i n t o   p h y s i c a l   and  e l e c t r i c a l   c o n t a c t   w i t h   t he   i n w a r d l y  

f a c i n g   s u r f a c e s   of  p l a t e s   12  and  14.  By  the   same  t o k e n ,  

a d h e s i v e   i s   s q u e e z e d   i n t o   t h e   v a l l e y s   28  b e t w e e n   t h e   h i l l s ,  

so  t h a t   a  f i r m   p h y s i c a l   b o n d   i s   a l s o   e s t a b l i s h e d   t h r o u g h  

t h a t   a d h e s i v e   b e t w e e n   t h e   p l a t e s   12  and  14  and  t he   o p p o s i t e  

p l a t e   s u r f a c e s   of  t h e   c h i p s .   T h u s ,   d i r e c t   e l e c t r i c a l   c o n t a c t  

i s   e s t a b l i s h e d   b e t w e e n   p a r t s   of  t h e   r o u g h e n e d   s u r f a c e s   o f  

t h e   c h i p s   and  t h e   p l a t e   c o n d u c t o r s   12  and  14,  w h i l e   b o n d i n g  

i s   a c h i e v e d   b e t w e e n   o t h e r   p a r t s   of  t h e   c h i p s   and  t h e   p l a t e  

c o n d u c t o r s .  

As  p r e v i o u s l y   i n d i c a t e d ,   a  p r e f e r r e d   d i e l e c t r i c  

m a t e r i a l   f o r   c h i p s   20  is   b a r i u m   t i t a n i t e .   The  p l a t e   s u r f a c e s  

of   t h e   c h i p s   can  be  r o u g h e n e d   in  s e v e r a l   ways .   For   e x a m p l e ,  

z i r c o n i u m   o x i d e   can  be  m i x e d   w i t h   t h e   b a r i u m   t i t a n i t e   d u r i n g  

t h e   p r o c e s s   of  f o r m i n g   t h e   c h i p s .   B e c a u s e   of  t h e   h i g h e r  

m e l t i n g   p o i n t   of  t h e   z i r c o n i u m   o x i d e   ( i . e .   h i g h e r   t h a n   b a r i u m  

t i t a n i t e )   t h e   z i r c o n i u m   o x i d e   d o e s   n o t   m e l t   d u r i n g   t h e   f i r e -  

i ng   p r o c e s s   of  c h i p   f o r m a t i o n .   R a t h e r ,   t h e   z i r c o n i u m   o x i d e  

r e m a i n s   in  i t s   p a r t i c l e   s o l i d e   s t a t e   and  f o r m s   r o u g h e n d   p l a t e  

s u r f a c e s   on  t h e   o p p o s i t e   p l a t e   s u r f a c e s   of  t he   c h i p .   T h e  

c h i p s   a r e   t h e n   c o a t e d   w i t h   a  t h i n   c o a t i n g   of  s i l v e r   or  o t h e r  

c o n d u c t i v e   m a t e r i a l ,   and  t h e   t h i n   c o n d u c t i v e   c o a t i n g   c o n f o r m s  

to   t h e   r o u g h e n e d   s u r f a c e s   of   t h e   b a s e   m a t e r i a l   of  t h e   c h i p s  

t h e r e b y   r e t a i n i n g   t h e   c o a r s e n e s s   or  r o u g h n e s s   of  t h e   c h i p  

s u r f a c e s .   A l t e r n a t i v e l y ,   t h e   r o u g h e n e d   s u r f a c e s   can  be  f o r m -  

ed  by  m i x i n g   p a r t i c l e s   of  a  c e r a m i c   m a t e r i a l ,   such   as  b a r i u m  

t i t a n i t e ,   f o r   e x a m p l e ,   w i t h   t h e   c o n d u c t i v e   c o a t i n g   to  b e  

a p p l i e d   to  t h e   c h i p s .   T h e s e   p a r t i c l e s   of  c e r a m i c   m a t e r i a l  

in  t h e   c o n d u c t i v e   c o a t i n g   w i l l   s e r \ ' e   to  form  t h e   r o u g h e n e d  

s u r f a c e   of  t h e   o p p o s e d   p l a t e   s u r f a c e s   of  t h e   c h i p s .  

A l t e r n a t i v e l y ,   t h e   p l a t e   s u r f a c e s   of  t h e   c h i p s   c a n  

be  r e t a i n e d   r e l a t i v e l y   s m o o t h ,   and  t h e   i n w a r d l y   f a c i n g   s u r -  

f a c e s   of  t h e   c o n d u c t o r s   12  and  14  can  be  r o u g h e n e d ,   s u c h   a s  

by  s a n d   p a p e r ,   c o i n i n g   t h e   dye  f rom  w h i c h   t h e y   a r e   f o r m e d ,  

e t c .   When  t h e   e l e m e n t s   a r e   a s s e m b l e d ,   t he   same  end  r e s u l t  

w i l l   be  o b t a i n e d  :   i . e . ,   t h e r e   w i l l   be  d i r e c t   p h y s i c a l   a n d  

e l e c t r i c a l   c o n t a c t   b e t w e e n   t h e   " h i l l s "   on  t he   r o u g h e n e d   i n n e r  



s u r f a c e s   of  t h e   p l a t e   c o n d u c t o r s   12  and  14  and  t h e   r e l a t i -  

v e l y   s m o o t h   p l a t e   s u r f a c e s   of  t h e   c h i p s ,   w h i l e   a d h e s i v e  

b o n d i n g   w i l l   be  a c h i e v e d   a c r o s s   t h e   a d h e s i v e   r e t a i n e d   b e t w e e n  

t h e   " v a l l e y s "   on  t h e   i n n e r   s u r f a c e s   of   t h e   c o n d u c t o r s   12  a n d  

14  and  t h e   c h i p s .   T h u s ,   i t   can   be  s e e n   t h a t   t h e   e s s e n t i a l  

f e a t u r e   i s   to   e s t a b l i s h   a  s t r u c t u r e   w h e r e i n   a  d i f f e r e n t i a l  

s u r f a c e   r o u g h n e s s   or   c o a r s e n e s s   (on  t h e   o r d e r   of  7 . 6 2  µ   o r  

m o r e )   i s   e s t a b l i s h e d   b e t w e e n   t h e   p l a t e   s u r f a c e s   of   t h e   c h i p s  

and  t h e   i n w a r d l y   f a c i n g   s u r f a c e s   of   t h e   c o n d u c t o r s   12  a n d  

14.   T h i s   d i f f e r e n t i a l   r o u g h n e s s   or  c o a r s e n e s s   i n s u r e s   t h a t  

t h e r e   w i l l   be  d i r e c t   p h y s i c a l   and  e l e c t r i c a l   c o n t a c t   b e t w e e n  

p a r t s   of   e a c h   c h i p   and  t h e   c o n d u c t o r s   w h i l e   a l s o   r e t a i n i n g  

a d h e s i v e   b e t w e e n   o t h e r   p a r t s   t h e r e o f   to   a c c o m p l i s h   a d h e s i v e  

b o n d i n g .  



1 .  -   A  bus   b a r   i n c l u d i n g   at   l e a s t   two  s p a c e d   a p a r t  

c o n d u c t i v e   e l e m e n t s   (12,   14)  h a v i n g   i n w a r d l y   f a c i n g   s u r f a c e s ,  

c a p a c i t i v e   means   (20)  p o s i t i o n e d   b e t w e e n   s a i d   c o n d u c t i v e  

e l e m e n t s   (12,   1 4 ) ,   s a i d   c a p a c i t i v e   means   (20)  c o m p r i s i n g   a  

d i e l e c t r i c   m a t e r i a l   b e t w e e n   c o n d u c t i v e   o u t e r   s u r f a c e s   ( 2 2 ) ,  

c h a r a c t e r i z e d   in  t h a t   t h e   c o n d u c t i v e   o u t e r   s u r f a c e s   (22)  o f  

s a i d   c a p a c i t i v e   m e a n s   (20)  a r e   of  d i f f e r e n t   r o u g h n e s s   r e l a -  

t i v e   to  t h e   i n w a r d l y   f a c i n g   s u r f a c e s   of  s a i d   c o n d u c t i v e   e l e -  

m e n t s   (12,  1 4 ) ,   a t   l e a s t   p a r t   of  e a c h   of  s a i d   c o n d u c t i v e  

o u t e r   s u r f a c e s   (22)  of  s a i d   c a p a c i t i v e   means   (20)  b e i n g   i n  

p h y s i c a l   and  e l e c t r i c a l   c o n t a c t   w i t h   a t   l e a s t   p a r t   of  t h e  

a d j a c e n t   i n w a r d l y   f a c i n g   s u r f a c e   of  one  of  s a i d   c o n d u c t i v e  

e l e m e n t s   (12,   1 4 ) ,   a  n o n c o n d u c t i v e   a d h e s i v e   (18)  b o n d i n g   s a i d  

c o n d u c t i v e   e l e m e n t s   ( 1 2 , 1 4 )   to   s a i d   c a p a c i t i v e   means   ( 2 0 )  

2 .  -   A  bus   b a r   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   t h e   d i f f e r e n t i a l   r o u g h n e s s   b e t w e e n   t h e   c o n d u c t i v e  

o u t e r   s u r f a c e s   (22)  of  s a i d   c a p a c i t i v e   means   (20)  and  t h e  

i n w a r d l y   f a c i n g   s u r f a c e s   of   s a i d   c o n d u c t i v e   e l e m e n t s   (12,  1 4 )  

is   on  t h e   o r d e r   of  a t   l e a s t   7  / < - .  

3 .  -   A  bus   b a r   as  c l a i m e d   in  c l a i m s   1  or  2,  c h a r a c -  

t e r i z e d   by  an  i n s u l a t i n g   s p a c e r   (24)  b e t w e e n   s a i d   c o n d u c t i v e  

e l e m e n t s   (12,   14)  s a i d   s p a c e r   (24)  h a v i n g   o p e n i n g   f o r   s a i d  

c a p a c i t i v e   m e a n s .  

4 .  -   A  bus   b a r   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  t o  

3,  c h a r a c t e r i z e d   in  t h a t   s a i d   c o n d u c t i v e   o u t e r   s u r f a c e s   ( 2 2 )  

of   s a i d   c a p a c i t i v e   means   (20)  a r e   r o u g h e r   t h a n   s a i d   i n w a r d l y  

f a c i n g   s u r f a c e s   of   s a i d   c o n d u c t i v e   e l e m e n t s   (12,   1 4 ) .  

5 .  -   A  bus   b a r   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  t o  

4,  c h a r a c t e r i z e d   in  t h a t   t h e   d i f f e r e n t i a l   r o u g h n e s s   b e t w e e n  

t h e   c o n d u c t i v e   o u t e r   s u r f a c e s   (22)  of  s a i d   c a p a c i t i v e   m e a n s  

(20)  and  t h e   i n w a r d l y   f a c i n g   s u r f a c e s   of  s a i d   c o n d u c t i v e  

e l e m e n t s   (12,   14)  i s   on  t h e   o r d e r   of  a t   l e a s t   7 

6 .  -   A  m u l t i l a y e r   bus   b a r   i n c l u d i n g   f i r s t   and  s e c o n d  

s p a c e d   a p a r t   g e n e r a l l y   f l a t   c o n d u c t i v e   bus  b a r s   (12,   1 4 ) ,  

s a i d   f i r s t   and  s e c o n d   bus   b a r s   (12,   14)  h a v i n g   o p p o s e d   i n w a r d -  

ly  f a c i n g   s u r f a c e s   h a v i n g   a  f i r s t   s u r f a c e   r o u g h n e s s ,   a  p l u r a -  

l i t y   of  g e n e r a l l y   f l a t   c a p a c i t i v e   c h i p s   (20)  b e t w e e n   s a i d  



f i r s t   and  s e c o n d   bus  b a r s   (12,   1 4 ) ,   s a i d   c h i p s   (20)  h a v i n g  

a  d i e l e c t r i c   c e n t e r   b e t w e e n   c o n d u c t i v e   o u t e r   s u r f a c e s   ( 2 2 )  

of  a  s e c o n d   s u r f a c e   r o u g h n e s s ,   c h a r a c t e r i z e d   in  t h a t   s a i d  

s e c o n d   s u r f a c e   r o u g h n e s s   of  s a i d   c o n d u c t i v e   s u r f a c e s   ( 2 2 )  

of   s a i d   c h i p s   (20)  i s   d i f f e r e n t   t h a n   s a i d   f i r s t   s u r f a c e  

r o u g h n e s s   of   s a i d   bus  b a r s   (12,   14)  and  in  t h a t   a t   l e a s t  

p a r t   o f   e a c h   c o n d u c t i v e   o u t e r   s u r f a c e   ( 2 2 ) o f   e a c h   c a p a c i t i v e  

c h i p   (22)  i s   in  p h y s i c a l   and  e l e c t r i c a l   c o n t a c t   w i t h   a t  

l e a s t   p a r t   of   t h e   a d j a c e n t   i n w a r d l y   f a c i n g   s u r f a c e   of  a  b u s  

b a r   ( 12 ,   1 4 ) ,  a   n o n c o n d u c t i v e   a d h e s i v e   (18)  b o n d i n g   s a i d   b u s  

b a r s   (12 ,   14)  to   s a i d   c h i p s   ( 2 0 ) .  

7 .  -   A  m u l t i l a y e r   bus  b a r   as  c l a i m e d   in   c l a i m   6 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   d i f f e r e n t i a l   s u r f a c e   r o u g h n e s s  

b e t w e e n   s a i d   f i r s t   and  s e c o n d   s u r f a c e   r o u g h n e s s e s   i s   on  t h e  

o r d e r   o f   a t   l e a s t   7  µ .  

8 .  -   A  m u l t i l a y e r   bus   b a r   as  c l a i m e d   in   c l a i m   6  o r  

7,  c h a r a c t e r i z e d   b y  a n  i n s u l a t i n g   s p a c e r   (24)  b e t w e e n   s a i d   b u s  

b a r s   (12 ,   14)  s a i d   s p a c e r   (24)  h a v i n g   a  p l u r a l i t y   of  o p e n i n g s  

(25)  f o r   s a i d   c h i p s   ( 2 0 ) .  

9 .  -   A  m u l t i l a y e r   bus   b a r   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   6  to   8,  c h a r a c t e r i z e d   in   t h a t   s a i d   c o n d u c t i v e   o u t e r  

s u r f a c e s   (22)  of  s a i d   c h i p s   (20)  h a v e   a  s u r f a c e   r o u g h n e s s  

g r e a t e r   t h a n   t h e   s u r f a c e   r o u g h n e s s   of   s a i d   i n w a r d l y   f a c i n g  

s u r f a c e s   of   s a i d   bus   b a r s   (12,   1 4 ) .  

1 0 .  -   A  p r o c e s s   of  f o r m i n g   a  m u l t i l a y e r   bus   b a r ,  

i n c l u d i n g   t h e   s t e p s   of  f o r m i n g   a  p a i r   of  g e n e r a l l y   f l a t   c o n -  

d u c t i v e   bus   b a r s ,   a p p l y i n g   n o n c o n d u c t i v e   a d h e s i v e   to   i n w a r d  

s u r f a c e s   of   e a c h   bus  b a r ,   f o r m i n g   c a p a c i t i v e   c h i p s   h a v i n g  

a  d i e l e c t r i c   c e n t e r   b e t w e e n   c o n d u c t i v e   o u t e r   s u r f a c e s ,   t h e  

s u r f a c e   r o u g h n e s s   of  s a i d   o u t e r   s u r f a c e s   of   s a i d   c h i p s   b e i n g  

d i f f e r e n t   f r o m   t h e   s u r f a c e   r o u g h n e s s   of   s a i d   i n w a r d   s u r f a c e s  

of   s a i d   bus   b a r s ,   p o s i t i o n i n g   s a i d   c h i p s   on  an  i n w a r d   s u r -  

f a c e   o f   one   o f   s a i d   bus   b a r s ,   p o s i t i o n i n g   a n o t h e r   of   s a i d   b u s  

b a r s   on  s a i d   c h i p s   t o   fo rm  a  s a n d w i c h   a s s e m b l y   of   s a i d   c h i p s  

b e t w e e n   s a i d   bus   b a r s ,   b o n d i n g   s a i d   a s s e m b l y   u n d e r   h e a t   a n d  

p r e s s u r e   t o   e f f e c t   d i r e c t   p h y s i c a l   and  e l e c t r i c a l   c o n t a c t  

- b e t w e e n   s a i d   bus   b a r s   and  c h i p s   and  p h y s i c a l l y   b o n d   s a i d   b u s  

b a r s   t o   s a i d   c h i p s .  

1 1 .  -   A  p r o c e s s   as  c l a i m e d   in  c l a i m   10,   c h a r a c t e r i z e d  



in  t h a t   t h e   d i f f e r e n t i a l   r o u g h n e s s   b e t w e e n   s a i d   o u t e r   s u r f a -  

ce s   of  s a i d   c h i p s   and  t he   i n w a r d   s u r f a c e s   of  s a i d   bus  b a r s  

i s   on  t h e   o r d e r   of  at   l e a s t   7  µ .  

1 2 .  -   A  p r o c e s s   as  c l a i m e d   in  c l a i m s   10  or  11,   c h a -  

r a c t e r i z e d   by  t h e   s t e p s   of  f o r m i n g   a  s p a c e r   h a v i n g   o p e n i n g s  

t h e r e i n ,   p o s i t i o n i n g   s a i d   s p a c e r   on  s a i d   i n w a r d   s u r f a c e   o f  

s a i d   one  bus   b a r ,   and  p o s i t i o n i n g   s a i d   c h i p s   in  s a i d   o p e n -  

i n g s .  

1 3 .  -   A  p r o c e s s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   10  

to  12,  c h a r a c t e r i z e d   in  t h a t   t h e   s u r f a c e   r o u g h n e s s   of  s a i d  

o u t e r   s u r f a c e s   of  s a i d   c h i p s   i s   g r e a t e r   t h a n   t h e   s u r f a c e  

r o u g h n e s s   of  s a i d   i n w a r d   s u r f a c e s   of  s a i d   bus  b a r s .  
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